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Abstract.

A new surgical approach (subadventitial cystectomy) has been developed for liver hydatid disease. We

retrospectively compared clinical outcomes and immune status 24 months after a subadventitial cystectomy with tradi-
tional surgical approaches. Patients with liver hydatid cysts were treated with a subadventitial cystectomy (N = 11),
pericystectomy (N = 16), partial pericystectomy (N = 18), or hepatic resection (N = 12). By the end of the follow-up period,
the subadventitial cystectomy group had the fewest post-operative complications and shortest hospital stays. Two recur-
rences occurred: one recurrence after partial pericystectomy and one recurrence after pericystectomy. The total immuno-
globulin E (IgE) level decreased significantly in the subadventitial cystectomy group. The post-surgery IgG level was lower
in the subadventitial cystectomy than the pericystectomy and partial pericystectomy groups. In conclusion, subadventitial
cystectomy completely removes the parasite, causing lower complication rates and lower immune reactions.

INTRODUCTION

Cystic hydatid disease is a global parasitic zoonosis caused
by the larval stages of the dog tapeworm Echinococcus
granulosus." Humans become contaminated by ingestion of
parasite eggs after close contact with infected dogs. The eggs
develop into larvae when they cross the intestinal wall and
migrate through the portal vein into the liver, where they
grow into cysts.” Such liver cysts can be asymptomatic for
years until they compress the surrounding organs. Without
treatment, the cysts may form fistulas into adjacent organs or
rupture into the abdomen.?

Hydatid disease has become a serious public problem in
China. The results of a Chinese national survey* found that,
among 239 individuals tested, 12.04% were serology-positive
and 1.08% ultrasound-positive. In 2005, a survey estimated that
380,000 Chinese individuals had hydatid disease. Currently, at
least 270 million people (58% of the total population) are at
risk for cystic hydatid disease in central Asia and western
China. The annual surgical incidence rate in Uzbekistan and
Tajikistan has been estimated to be as great as 25-27 cases per
100,000, with prevalence of approximately 10% (range = 0.8
11.9%) in some Tibetan communities in western China.’

Management of hydatid disease carries a substantial risk of
complications and recurrence. Chemotherapy with albendazole,
percutaneous drainage, and laparoscopic, endoscopic, and
open surgical approaches have all been used to manage the
disease. The aim of surgery is to kill the parasites, evacuate
the cyst, remove the germinal layer, and obliterate the residual
cavity.® The most commonly used surgical approaches are
pericystectomy, partial pericystectomy, and hepatic resec-
tion (hepatectomy or segmentectomy).’” The optimal surgical
approach varies according to the condition of the cyst and the
patient (e.g., the general status of the patient and the cyst size,
location, and pathology). The open surgeries have a substantial
risk of complications (e.g., bile leakage, parasite contamina-
tion, and presence of dead spaces in which an abscess can
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form).® These complications then have to be managed with
more radical surgical approaches.”

Peng and others'® introduced a new surgical approach for
hydatid disease named subadventitial cystectomy, during
which the parasitic cysts are completely removed. Peng and
others'® discovered that the pericyst consists of two tissue layers
of different histological origin: the adventitial layer directing
toward the liver parenchyma is from fibrosis and compression
of the vessels of Glisson capsules and hepatic veins, and the
exocyst layer directing toward the cyst of the parasite is from
granulomatous reaction.'! The pericyst provides a space in which
the exocyst layer can easily be detached from the adventitial
layer. Compared with radical hepatic resection, subadventitial
cystectomy can better protect the adventitial layer adjacent to
the hepatic parenchyma, resulting in less damage to healthy
liver and less bleeding.'> Our medical center began apply-
ing subadventitial cystectomy in 2001. Here, we report the
follow-up data for clinical outcomes and immune reactions.

METHODS

Patients. The records of 57 patients (31 males and
26 females) who underwent surgery at the Department of
Surgery of The First Teaching Hospital of Xinjiang Medical
University between January of 2001 and January of 2002 were
retrospectively reviewed. The average age of the patients at
the time of surgery was 45 years.

Preoperative diagnosis and albendazole treatment. All
patients were diagnosed by ultrasonography or a combination
of computerized tomography and immunological assays. They
were treated with liposomal albendazole (10 mg/kg per day) for
3 weeks before the surgery and then 3 months after the surgery.

Surgical procedure. The procedures for subadventitial
cystectomy, pericystectomy, partial pericystectomy, and radi-
cal hepatic resection were in accordance with those in The
Principles for Diagnosis and Treatment of Human Hydatid Dis-
ease by the Ministry of Health of China. The procedures,
including obtaining informed consent, were conducted in accor-
dance with the Ethical Committee on Human Experimentation
of Xinjiang Medical University. The surgical procedures are
illustrated in Figures 1-3 , and the key steps are described.
Briefly, hepatic resection was performed using an anatomi-
cal approach based on Couinaud’s classification (Figure 3).
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FiGure 1. Subadventitial cystectomy. (A) The first step is to locate the cyst. Several gauze clothes saturated with hypertonic saline are
introduced into the abdominal cavity and placed around the cyst to protect against hydatid fluid leakage. (B) The second step is to look for the
space between the normal hepatic parenchyma and the pericyst. The first incision is made through the healthy live parenchyma just adjacent to the
pericyst. The pericyst is the pseudoanatomical layer of the host surrounding the parasite, and the pericyst has different layers. After hemostasis is
achieved, an attempt is made to look for any biliary leakage. The bile ducts are then either clipped or ligated and divided. With blunt dissection,
the pericyst is separated from the hepatic tissue. The key to subadventitial cystectomy is to leave the laminated membrane on the pericyst (i.e., the
liver tissue) while separating it from the compressed host tissue. (C) During blunt dissection, vascular and bile ducts >3 mm are clipped. (D) After
completion of the subadventitial pericystectomy, the cyst will be totally separated from the liver, and the smooth surface of the liver parenchyma is
examined for bleeding and bile leakage.

FiGure 2. Total or partial pericystectomy. (A) The cyst is opened after the cyst fluid had been aspirated with a 20-gauge needle syringe to
reduce the pressure. (B) Suction apparatus is inserted into the cyst for complete aspiration of the cyst fluid. (C) Daughter cysts are removed from
the open cyst. (D) The visible daughter cysts are removed, and the residue cyst is flushed with hypertonic saline solution for 10 minutes before it is
closed with a drainage tube left inside.
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FiGure 3. Hepatic resection. (A) Parasite cysts occupying a major part of a liver lobe (in this case, the right lobe). (B) The main vessels are
separated from each other. (C) The right lobe is removed along with the cyst. (D) A drainage tube is placed to control liver bleeding.

Pericystectomy and partial pericystectomy (Figure 2) were per-
formed in patients with bilateral liver involvement or portal
vein/inferior vena cava involvement. In these procedures, the
cyst roof was opened, and then, the cyst fluid and contents
were evacuated by negative pressure suction. The residual cav-
ity was rinsed by hypertonic saline and then drained to prevent
abscess or bilioma. In subadventitial cystectomy, the small gap
between the liver parenchyma and the outer membrane of the
cyst was separated from and completely peeled off the cyst by
enucleation (Figure 1).

Post-surgery follow-up. Patients were evaluated routinely
before surgery, at monthly intervals during the first 1 year after
surgery, and then, annually; serodiagnosis, immunoglobulin
(Ig), and ultrasonography were tested at each evaluation. The
concentrations of total IgM, IgE, and IgG were determined by
a nephelometric technique (Beckman Array 360; Beckman
Coulter Instruments, Brea, CA). The concentration of the
specific IgG against cyst fluid antigens was determined by
enzyme-linked immunosorbent assay (ELISA). Antigen cystic
fluid (CF) was the diagnostic antigen extracted from crude E.

RESULTS

The clinical outcomes of 57 patients are summarized in
Table 1. No post-operative complications were recorded in
the subadventitial cystectomy group; one complication was
recorded in the pericystectomy group, three complications
were recorded in the partial pericystectomy group, and two
complications were recorded in the radical liver resection
group. The subadventitial cystectomy group also had the
shortest hospital stays. During follow-up, a cyst recurrence
occurred in two patients in the partial pericystectomy group
and one patient in the pericystectomy group.

The total IgM level decreased immediately after surgery and
then increased 1 month after surgery. It finally decreased to a
normal level in all four groups and was not significantly differ-
ent than that in healthy controls (Figure 4). In all four groups,
the total IgE level had decreased to a normal level by 12 months
after surgery (Figure 5). The total IgE level decreased more
rapidly in the two radical surgery groups than in the sub-
adventitial cystectomy and radical hepatic resection groups.
The total IgG level decreased gradually in all four groups
(Figure 6), and the level of the specific IgG against cyst fluid
antigens also decreased (Figure 7). Twelve months after sur-
gery, the level of the specific IgG against cyst fluid antigens
was significantly elevated in the pericystectomy and partial
pericystectomy groups but nearly normal in the subadventitial
cystectomy and the hepatic resection groups (Figure 7).

TasLE 1
Clinical outcomes of patients treated with different surgical approaches

Subadventitial Partial Hepatic
cystectomy  Pericystectomy pericystectomy resection
Number of patients 11 16 18 12
Mean age (years) 39 38 38 39
Sex (male/female) 5/6 7/9 8/10 6/6
Total number of cysts 19 22 21 20
Mean cyst size (cm) 10 12 14 11
Positive serodiagnosis 11/11 15/16 16/18 12/12
Blood loss (mL) 70 - - 280
Operation time 90 50 40 120
(minutes)
Number of 0 1 2 3
complications
Length of hospital 7.4 79 8.5 12.8
stay (days)
Recurrence 0 1 2 3
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FiGure 4. Total IgM before and after surgery. Patients were rou-
tinely evaluated by serodiagnosis. The total IgM level was determined
using a nephelometric technique. For all four groups, the total IgM
decreased slightly after the surgery and then increased 1 month after
surgery before falling to a normal level. The final level was similar to
that for healthy controls (P > 0.05).
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Ficure 5. Total IgE levels before and after surgery. Patients were
routinely evaluated by serodiagnosis. The total IgE level was deter-
mined using a nephelometric technique. For all groups, the total IgE
peaked 1 day after surgery and then decreased to a normal level
6 months after surgery.
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Ficure 6. Total IgG before and after surgery. Patients were rou-
tinely evaluated by serodiagnosis. The total IgG level was determined
using a nephelometric technique with Array System 360 by Beckman
Coulter. Total IgG decreased gradually in all four groups. The IgG
levels were significantly different at the end of the follow-up period.
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Ficure 7. The level of the specific IgG against cyst fluid antigens
before and after surgery. The level of the specific IgG against cyst
fluid antigens was tested using ELISA. The level decreased after
surgery in all four groups but at different rates. Twelve months after
surgery, the specific IgG level against cyst fluid was still significantly
higher than baseline in the pericystectomy and partial pericystectomy
groups but had decreased to a normal level in the subadventitial
cystectomy and hepatic resection groups. AgP = antigen protoscoleces;
OD = optical density.

DISCUSSION

Traditionally, a hydatid cyst has been considered to be
composed of an outer layer of inflammatory tissue and an
inner germinal membrane,® which is the anatomical and his-
tological basis for pericystectomy and partial pericystectomy;
during these procedures, the fibrous capsule is cut open to
allow the cyst fluid, daughter cysts, and germinal layer to be
removed.'* However, cutting the cyst open increases the risk
of the parasite spreading, and the residue capsule is a poten-
tial hazard for post-surgical abscess formation.'?

The parasite evokes an immune response that is involved in
the formation of an adventitious capsule.12 In surgery, the
parasite cyst can be found as fibrous capsules. The histology
origin of fibrous capsules in parasite and host sides is different.

pericystectomy
partial pericystectomy

sub adventitial
cystectomy

hepatic resection

Ficure 8. Illustration of a hydatid cyst and the separation focus in
the four different surgeries. The pericyst consists of two layers of differ-
ent histological origin: the adventitial layer directing toward the liver
parenchyma is caused by fibrosis and compression of vessels of Glisson
capsules and hepatic veins, and the exocyst layer directing toward the
parasite cyst is caused by granulomatous reaction. The pericyst pro-
vides a space in which the exocyst layer can easily be detached from
the adventitial layer. When the abdomen is opened to expose the cyst, a
dense outermost cyst layer and a fibrous protective zone of host origin
are seen. The latter is the compressed liver parenchyma and fibrous
tissue that had been formed by the expanding cyst. Underneath these
layers is a compressed laminated membrane that is acellular and allows
nutrient to pass into the cyst interior. The innermost layer of the cyst is
a germinal layer, where the protoscolex is produced. Daughter vesicles
are shown as small spheres that contain the protoscolices.
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Granuloma-like pathologic changes have been reported near
the parasite, and depressed Glisson capsules and a depressed
hepatic vein system have been found near the host. The inflam-
matory infiltration in the fibrous portal tracts around the cyst
and the fibrous capsule contains monocytes, lymphocytes, and
eosinophils. The presence of an intense inflammatory infiltra-
tion in the liver parenchyma surrounding hydatid cysts causes
hepatocyte derangements and stimulates fibrogenesis. The par-
asite has only a laminated membrane containing protoscolices,
which forms connective tissue septa in the periportal zone.

This discovery changed the view of the space that exists
between the inner capsule of the parasite cyst and the outer thin
layer of the capsule formed by the host, indicating that there
may be a space between the liver parenchyma and outer mem-
brane of the cyst. Consequently, a new surgical approach named
subadventitial cystectomy was developed on the basis of these
observations. Subadventitial cystectomy is a radical treatment
that removes the whole cyst while retaining the largest amount
of healthy liver tissue. Subadventitial cystectomy is illustrated in
Figure 8 along with the traditional surgical approaches.

Immunological follow-up showed that all surgeries reduced
the parasite burden, resulting in a decrease in the total IgE
level. The parasite infection was resolved most quickly and
most completely after subadventitial cystectomy. In all four
groups, the total IgG level was greater than normal before the
surgery and decreased to within the normal range within
1 year. However, the level of the specific IgG antibody against
the hydatid cyst fluid antigens decreased within the normal
range by 6 months in the subadventitial cystectomy and hepatic
resection groups. The level of the specific IgG antibody in the
pericystectomy or partial pericystectomy groups remains high
even 1 year after surgery, indicating that only the radical surgi-
cal approaches, such as subadventitial cystectomy and hepatic
resection, can thoroughly remove the parasite.

Clinical outcomes indicate that pericystectomy and partial
pericystectomy are easy to perform and associated with mini-
mal blood loss and operation time. However, the rate of recur-
rence of cysts was significantly greater than in subadventitial
cystectomy and hepatic resection. The hepatic resection took
longer time to perform and was associated with more blood
loss but caused a low rate of cyst recurrence. Subadventitial
cystectomy caused less damage to healthy liver tissue than
hepatic resection.

Although subadventitial cystectomy has many advantages,
it requires a critical skill to identify the small gap between the
liver parenchyma and the outer membrane of the parasite
cyst. Failure to accurately identify this gap will cause hepatic
parenchyma hemorrhage that will blur the surgical field and
increase the difficulty of further separation. This approach is
not suitable for patients with cysts near the vital vessels or bile
ducts. No matter which surgical approach is chosen, active
management of the residual cavity must be taken to prevent
biliary leakage, biliary fistula, and abscesses. Surgeons must
decide on the appropriate solution (e.g., omentoplasty or tube
drainage) according to the size and location of the cyst and
the existence of complications.

CONCLUSIONS

Each surgical approach has its advantages and disadvan-
tages, and no approach is suitable for all cysts. However,
complete resection of hepatic hydatid cysts should be per-

formed whenever possible. Our results suggest that, with
the right indication, subadventitial cystectomy has low post-
operative complication, mortality, and recurrence.
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